Introduction
1 2 A great variety of chemicals is present in water and sediment, which can easily become 3 polluted as a result of rapid population growth; land development along river basins; 4 urbanization; unplanned industrialization and impromptu agricultural operations in the 5 rivers of both developed and developing countries [1] . Rivers are the main sources of 6 both drinking water and irrigation for agriculture. They also play vital roles in second most polluted river in Bangladesh (Fig. 1a ). 1 The Shiribetsu River, considered one of the cleanest in Japan, originates from Lake 2 Shikotsu in Hokkaido. The river has a very narrow channel with a fast current and 3 passes through a mountainous area. The Ishikari River, the third longest river (268 km) 4 in Japan, originates from Mount Ishikari and flows through the cities of Ashahikawa and 5 Sapporo. The Dotonbori, Yodo and Aji rivers are considered the most economically 6 important rivers in Osaka, Japan. The problems of urbanization and industrialization are 7 well managed in all areas of Japan (Fig. 1b) . 8 The Tuul, Hangol and Orkhon rivers provide most of the water for mining operations 9 in Erdenet, Mongolia (Fig. 1c ). The Ciliwung, Cisadane and Cikaniki Rivers are 10 important rivers in West Java, where the capital city, Jakarta, is located ( Fig. 1d) .
11
Bangladesh is a low-lying, riverine country along the equator characterized by a 12 tropical monsoon climate. Indonesia is a tropical country, whereas Mongolia possesses a 13 continental climate. They are all developing countries with severe environmental threats 14 caused by the development activities. Hokkaido, Japan is in the cool temperate zone. 15 Osaka has a humid and temperate climate, and is the major industrial port and economic 16 center in the Kansai region of the main island of Honshu, Japan. 19 A total of 39 sampling sites, 9 in Dhaka, Bangladesh; 9 in Hokkaido and 3 in Osaka, 20 Japan; 8 in Erdenet, Mongolia; and 10 in West Java, Indonesia were chosen as shown in with several point and non-point pollution sources, which were the main reason for the 23 selection of sampling sites (Table 1 ). It is evident that the pressures and impacts in the according to the instruction manual. The multiparameter water quality meter was 1 calibrated every time at each sampling point with two standard solutions of pH 4 and 2 pH 7. An ion selective pack test (Kyoritsu Chemical-check Lab, Corp, Tokyo, Japan) 3 was employed to measure chemical oxygen demand (COD), NO 2 -, NO 3 -, PO 4 3and Cl -4 according to the instruction manual. The detection limits of the ion selective pack were 5 COD (2 mg/l), PO 4 3-(0.02 mg/l), Cl -(0.1 mg/l), NO 2 -(0.02 mg/l), and NO 3 -(1 mg/l). 
Sample collection and preservation
where C refers to the mean concentration of dissolved metals in the water sample (ppb) 1 and Cmax and Cmin, refer to the maximum and minimum concentrations (range) in 2 (ppb), respectively, determined during the study. To analyze differences among the sampling stations for different metal levels, one-way 6 ANOVA was applied followed by the student t-test to identify the type of the data sets. Pearson's correlation matrix was also calculated for different metals to trace the 8 common sources of pollutants [20] . The significance level in this study was P < 0.05.
9
Multivariate principal components analysis (PCA) was used to determine and interpret 10 the variables of water quality and to measure the characteristic features of each region.
11
XLSTAT statistical analysis software (Addinsoft, version-2011.1) was used for PCA. The pH values were within the recommended range 6.5-8.5 indicated by WHO for the 16 sampling points in all countries except for S-3 in Dhaka and S-22 to S-28 in Erdenet.
17
The pH maintained by a well-buffered river can be attributed to the fact that, normally, water, which cannot be eliminated easily. The DOC levels in this study were higher in 8 sampling areas except West Java, Indonesia (not determined) ( Table 2 ). The main 9 source of DOC in these rivers is precipitation and leaching of industrial effluents and 10 decomposition of house hold waste water along with dead animals and plants primarily 11 in the form of dissolved fulvic and humic acids [24] . So, this study strongly 12 recommends developing and using easy and effective working treatment systems like 13 constructed wetlands. 14 All sampling locations, especially in the rivers of the developing countries, had 15 markedly high levels of phosphate as compared with the WHO guidelines (Table 2) .
16
Phosphates generally enter water from phosphorus-rich bedrock and from human and 17 animal waste, including that from laundry, cleaning, industrial effluents, and fertilizer 18 runoff.
19
The results attained from the microbial study indicated that the microbial water 20 quality in the rivers of developing countries was not so good compared with the rivers The ranges of the dissolved metal concentrations, their means, standard errors, medians, 11 standard deviations, variances and confidence levels are given in Table 3 . Bangladesh and Japan, a correlation matrix was calculated for the metals in the water.
2 Fe in Japan showed close relationships with each other whereas Pb negatively correlated 5 with Cr. Alternatively, poor correlation was noted between Al and other metals in the 6 rivers of Bangladesh, suggesting that the attribute of Al contamination was different 7 from other metals. We do not have firm hypothesis of why that may happen. Correlation 8 of the metals in the same water body may be due to an interaction between the different 9 metals in the same water body in the same country. The sources of these metals may be 10 the industrial operations on the banks of rivers. Urban runoff could be a source of 11 metals for river water, especially in the rainy season, as all sampling regions had high 12 annual rainfall except for Erdenet, which has an extreme continental environment. These results suggested great accumulation of dissolved metals in river bed sediments, presenting a further threat to the water quality since sediment pollution is an 1 important long-term marker for pollution [20] . Besides, high pH values stimulate 2 accumulation of dissolved metals in riverine sediments (geoaccumulation) [28] . The and was present at high levels in the rivers of Japan, Mongolia and Bangladesh except 21 West Java (not determined). The levels of the remaining parameters were high in the 22 rivers of Dhaka and Erdenet ( Fig. 2A and Table 2 ). Figure 2B shows that there were for all rivers may be considered to be a fairly good average for the respective country. (Table 3) . Cadmium is believed to enter into these rivers through the usage of 13 manures and pesticides in the agricultural land and largely from industrial by-product. This study was designed to determine whether there was a significant difference of 2 pollution between developed and developing countries. From the results, it is concluded 3 that the overall situation of the pollution in the rivers of all sampling countries is still 4 under the threshold limit. West Java, Indonesia seems to have high pollution as 
